UURRMNAMAEY

Memorandum
From the office of

O RIGIN AL Commissioner Bob Burns

Arizona Corporation Commission
1200 W. WASHINGTON
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FOURTH REVISEDNOTICE
SPECIAL OPEN MEETING
OF THE ARIZONA CORPORATION COMMISSION

Commission Workshop on Emerging Technologies
Docket No. E-00000J-13-0375

DATE: Wednesday, June 25, 2014 START TIME: 9:00 a.m.

Arizona Corporation Commission
Hearing Room One
1200 W, Washington Street
Phoenix, Arizona 85007

This shall serve as notice of a special open meeting of the Arizona Corporation
Commission at the above location for consideration, discussion, and possible vote of
the items on the following agenda and other matters related thereto. Please be
advised that the Commissioners may use this open meeting to ask questions about
the matters on the agenda; therefore, the parties to the matters to be discussed or
their legal representatives are requested, though not required, to attend. The
Commissioners may move to executive session, which will not be open to the public,
for the purpose of legal advice pursuant to A.R.S. §§ 38-431.03.A.2, 3 and/or 4 on
the matters noticed herein. The Commissioners may also move to executive
session, which will not be open to the public, for other purposes specified in A.R.S.
§8§ 38-431.03, including discussions, consultations or considerations of Commission
personnel and salary matters, on matters noticed herein.

The Arizona Corporation Commission does not discriminate on the basis of
disability in admission to its public meetings. Persons with a disability may request
a reasonable accommodation, such as a sign language interpreter, as well as request
this document in an alternative format, by contacting Shaylin A. Bernal, phone
number (602) 542-3931, E-mail sabernal@azcc.gov. Requests should be made as
early as possible to allow time to arrange the accommodations.

Jodi Jerich
Executive Director

Agenda

Welcome & Opening Remarks
Presentations:

1) Arizona Public Service
a. Scott Bordenkircher, Director of Technology Innovation and
Integration
“Utilities and Microgrids”



FOURTH REVISED AGENDA - June 25, 2014

Page 2

2)

3)

4

5)

6)

7

8)

Energy Savvy
a. David Wolpa, Director of Client Solutions

“Software Driving Energy Efficiency Scale and Measurability”

Meritage Homes
a. Michael llesCremieux, Regional Vice President of Land
Acquisition
“Meritage Homes: Setting the Standard for Energy-Efficient
Homes”

International District Energy Association
a. Rob Thornton, President & CEO
“Microgrids: Moving into the Mainstream™

DNV GL
a. Rich Barnes, Vice President and Global Director, Sustainable
Energy Use
“Sustainable Energy Use Technology”

Horizon Power Systems
a. Vito Coletto, Corporate Accounts Director

“Energy Efficiency Achieved with Microturbine Based Combined
Heat and Power Systems (CHP)”

The Geothermal Exchange Organization
a. Morgan Stine, Member of Geothermal Exchange Organization &
President of Green Earth Energy & Environmental, Inc.

“The Impact of Geothermal Heat Pumps on Energy Efficiency and
Peak Demand”

EASCOR Hybrid Lighting System
a. Wes Moyer, President & CTO
“Hybrid Lighting Solutions by EASCOR”

Wrap-Up & Closing Remarks



L

‘apoul-pue|s] pue pajdauuod-pub yyoq
ul esado 03 3 9jqeus 03 pib Y3 WO I9ULOISIP PUB 1UUOD
ued pubo.diw v *pub sy 03 Padsas yum AJus a|qejjouod
91buls e se 1oe jey) sauepunoq |ed1IIBJR PaUYIP AEBD UIUUM
sa24nosal ABJaua painquIsIp pue speoj pa3dauLodIalul Jo dnolb

uoniuyaq priboidiw

¥10C 'S¢ aung
uonesbajul g uoneAouul Abojouyna| ‘108
13U2.1njuaplog 1Noog

ssibojouyds] bulbiswy uo doysyiop DDV

SpLibo.di 13 sannn



Building Blocks of a Microgrid Key Microgrid Design Requirements

PRrer— \ / . Generation Must Meet Instantaneous Load
). Smanjrast Switches @‘% . Generation Must be Dispatchable
o Common coupling g

between utility and
microgrid
3. ‘Advanced Controls

« System Must Have a Comprehensive
Control Scheme / Energy Management

Optional Elements System
4. Intermittent Energy S M
e s 0 — H— l . System Must Have a Well-Coordinated
o Converts OC 10 AC “@ ® System Protection Scheme
o voltage support s
ey oamand \ ,u ) « Fuel Supply Must Meet Overall Resiliency
Response ~_ . Requirements

Controls and resources must, in aggregate, have the ability to: : manage transitions between grid-connected
and island mode; 2) balance loads and resources; and 3) manage microgrid transient reliability and stability
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Top Utility Microgrid Drivers Why Utilities?

+ T&D Asset Deferral » In the business of planning, operating, and
« Capaci maintaining electrical generation and
. E P Jw Devel t distribution assets
no.:oqd_n evelopmen - Protection and control
+ Reliability — Generation characteristics

Ancillary Services
-~ Frequency response
- Spinning reserves
— Volt/ VAR support

Customer Service

— Electrical distribution design
— Rate structures and asset valuations

- Interconnection and grid integration/
interdependency

— Expertise and resources
- Long standing history of customer relationship
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d EnergySavvy

Software Driving EE Scale and Measurability

David Wolpa, EnergySavvy
June 25, 2014

EnergySavvy Overview
Current EE Challenges

How Software Is Solving Them

Questions

é EnergySavvy 2




—
What We Believe

Quantify and deliver energy efficiency through
data transparency and control

* Easy
Create experiences customers love

* Scalable
More cost effective EE

¢ Measurable
Impacts are measurable and timely
so EE can be a resource

i EnergySavvy 3

Optix Demand-side Management System

Cloud-based Software
for Utility DSM

Engagement
Modern

Management Quantification

Increase cost

effectiveness

experiences that
customers love

AP, Enterprise Hosting, Security, Disaster récover

Utility 31 Party ) .
Program Customers Implementers Trade Allies EM&V Regulatory Grid
‘ EnergySavvy 4

6/24/2014



EnergySavvy Optix Users

é ( EnergySavvy NISERDA s Energavay Ot conpnctionwth (56

o 6= micogie cmse

AEG

5

2. Current EE Challenges

6/24/2014
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ﬁ

Energy Efficiency is Critical

Figure 6. World net electricity generation by energy
source, 2010-2040
wrilion Miowaithour's

L]

20 World energy demand is
projected to increase by
45% by 2030-- an average

2 rate of increase of 1.6% per

year-- with coal accounting
for more than a third of the

10 overall rise.

2010 2015 2000 2025 2000 2035 2040 LS

‘ Energysawy Source: .S, Energy Information Administration (E1A), International Energy Outiook 2013 7

_
The World of EE Can Look Like This

Utility
Program
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3. How Software is Solving EE Challenges

—

How Software is Solving EE Challenges

Engagement Management J Quantification
Modern mcrease cost Enhanced, “real-

experiences that effectiveness tine” measurabiiity
customers love of EE

d EnergySavvy




More Customer Participation CPRSE€P
ENERGY
o s - S 3x Retrofits Completed
%W TR e e e 1500 P
' What type of foundstion doss Your home have? 9
i ‘ ‘ n 1,000
—_— - e 00
;:cmum-mmummt 9 - _—-
i . E E Start with in-home audit  Start with online audit
— e 84% Lower Retrofit Acquisition Cost
§ $1,500
How much shading do your windows get? | s1000
$500 738
% B
In-home audit Online audit
«f EnergySavvy 1

How Software is Solving EE Challenges

Management Quantification

Increase cost Enhanced, "real-
effectiveness time” measurability
of EE

Engagement
Modern
experiences that

customers love

‘ EnergySavvy

6/24/2014



Previous Software
Very satisfied E
==l
satisfied

sesatui - 21%

Trade Ally Satisfaction

Somewhat
satished

Neither

Satisfied
Somewhat
== [

4;‘; EnergySavvy

Very

Contractor’s alve repoited
* 31% less sdnun tme per pro

0%

* 50% more likely to subnut jobs

83%
Satisfied

10% 20% 0% 40%

13

Audit-to-test-out §
time period

Audit-to-retrofit
conversion rate 33

Up-front incentive $
per MBTU acquired* S

é EnergySavvy

Before

After

Reducing Time & Costs

EnergySavvy EnergySavvy Improvement

Utah
Home Performance

14

6/24/2014



00—
How Software is Solving EE Challenges

Management J Quantification

InCrease cost B Enhanced, "real
effectiveness ] time” measurability

Engagement

Modern
experiences that

of EL

peopie love

‘ EnergySavvy

Need to answer questions like:

1. How much is being saved and for how long?

2. What projects are the most cost effective, so we
can do as many of those as possible?

3. Is my house worth more?

But can be hard to quantify energy
that is not being used

d‘ EnergySavvy 16

6/24/2014
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Leverage Smart Grid Data

Project Data Smart Grid Data
— s e v
bt =~ —

DEIER
* Collected throughout program implementation

¢ Analyzed with advanced software

é EnergySavvy 17

EE in Resource Planning

OoutityCo i 2] s = el e i |
Mopects . [ ;
EE data in one place M
et Project Complete (Evaluation)
* How much? o
Copir . Sevings :
um - o Unigr compara s antaeg Beeees:
* Where? e i o e
E JIRTS Poapens Seskamion Rate: LN
Ll Pragecs
s When? cantstonn -
© Gusmtee WowOremt «
* How long? e
Poject TImeline . st cotron cimaen I
1 g Vv Ovwt
Mgt My Doch @ Tes-OutAuein - Completes in & days e T
ot Abanced o Vest-cun Aok stage M Vimilon
Pomgrem tle © Uppade Work - Completed w 2 days 00y Bustens
oge  Deugher
TN PREINRW I, . o s o SRS v 5 e

‘ EnergySavvy i8
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Making Programs More Cost Effective

Ry e

Near Term

¢ Can more quickly identify what
factors lead to the most cost
effective projects and replicate that

Longer Term

¢ Factor EE into real estate prices

¢ Motivate customers to do EE
without needing as much of a
utility rebate

19

£ EnergySavvy

6/24/2014
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Meritage Homes

.
W’!Qmﬁs_’ Setting the standard !« «nerov-efficicn homes”

Meritage Homes Corporate Profile

* Top-10 U.S. homebuilder by 2013 closings and growing market share
* 8states -- 19 markets -- 188 actively selling communities at 12-31-13

* Recognized leader in energy-
efficient homebuilding

* Published first CSR report for FYE
2012 last year

et 100% ENERGY STAR® certified homes since e,
““ -
b January 1, 2010 Merstageliomes

6/25/2014
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Energy policy has the potential to
positively contribute to AZ economic
prosperity and it’s citizen’s quality of life.

But ...

The industry needs to change to:

+ Leverage economies of scale of innovation
s Educate stakeholders to drive better choices

+ Manage to total cost of operation

Reduce waste

Initial cost vs monthly cost
Flattened / shifted load shape

Reduced total capacity requirements

+ Change Transactions to leverage future benefits

!

Energy / Load Labeling

Improved predictive modeling

improved controls

t

Realize total cost of operation in transaction

* (appraisal / underwriting)
D

-----------




Sustainable Sustainability

* Creating Value to Consumers
* Creating Value to Utilities

* Creating value to the US

* Extracting Value

— Builders
— Buyers
— Banks
— Utilities
— Economy
NMeftageH

cesredatinm

Progressing along the scale

MOST UKELY Features in Typical Single-family Home in 2014
{1=Not at all ikely, Smvery likely; avg. rating)

Walk-in closet in master bedroom
Low-e windows

Laundry room

Great room

Energy-Star rated appliances
Programmable thermostat
Energy-Star rated windows
9'feet+ 1st Floor Ceilings
2-car garage
Double sink in kitchen

Granite countertops in kitchen
Central Island in kitchen
Bathroom finen closet

Front porch

Private toilet compartment
Exterior lighting
Patio

Insulation higher than required by code

6/25/2014



Consumer Choice drives change

Rate the importance of the following

Consumer Focus

TOP 5 REASONS TO BUY GREEN HOME / MAKE GREEN IMPROVEMENTS TO HOME

Cost savings on power and
hesting

Reduced ues of weler

Reduce the Impect | heve on

the environment
improved alr quality In home
increase the value of your
home
G20 L. Poow 930 Acwccies.
11 | TowMcOwsHI Conpiies, i }D
M Rgts gt TR enetaine
ol 0 L
Mentagel]

sesreeatiem

6/25/2014



Creating Change

* Customer Quality of Life

— Reduced Waste / Total Monthly Cost

— Healthier
* Understanding ‘Better’

— Flatter Load Shapes (McKinsey EE Report)

— Reduced Infrastructure sizing

— Reduced projected load growth / expansion costs
* Establishing a Win-win

— Optimized energy usage and demand to increase
state productivity and COL

Standard Features Included
at Competitive Prices

Looking for a good reason to buy a Meritage home? Here are several.

e A
0. S g e s b ot ﬁ}m Setting the standard fof ¢ricrgy-eHicient homes®

A Energy-efficient features are standard in every home; g 7nls.
Y entire system designed to maximize energy efficiency =~ -ttt 10

6/25/2014
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Average U.S. Homeowner Costs
2007-2008

$2,340

Energy! Property  Homeowners
Tax? Insurance’

1

w PowerWise Homes-

Get the best energy value possible in energy-efficlent
SRP PowerWise Homes ™, as featured by Meritage Homes.

Newio Code  Avemge Resale
$ 194
$ 987
$ 208

()]
$1%0




05884588333555

4

1

w

Setting the Standard
for Energy-Efficient Homes

Product Value - Better is Better

Low Utility Costs (Energy Label)

Healthier (VOCs, Merv 8, SPF, sealed attic)
More Comfortable {Low e2 windows, SPF,
conditioned attic, TStat)

Cleaner {Merv 8, SPF, sealed attic)

Quieter (Low e2 Windows, SPF, sealed attic)
Safer (SPF, sealed attic, water management,
Low Vocs)

Not Economically Reproducible in Resale

Residential Green and Energy Efficient Addendum

A,

| Fom 820.087

Additions] veources 1 8id in the valustion of gewen properties and the enmpletion of this form een be foand at

ChontRos: |

| Apposiost e #: |

Residential Green and Energy Efficient
Addendum

Clont:

| Subject Prepeny:

wwy sEpesiaalinati

O Fdergen Biown-n

T Fesrm nashtion I Colidose T Fbargeos Set nsuistion

T Other Deceribe):
C Benecent insvistion (Describe): Doy
I P bkaion Dostiie}- 0 e
T Rackeirned Wetwr Systors (Expiainy -
Weker Eioioney T Cewrs - Siw fallons | Location:
T Rain Bewk -6 TS oo Sacwis Provids Igess
[ ?m':?" Dl 0 High bopact | T3 Seeem g"“;:' DCTemd | Soler Shades
Boyiigting CiSiign- |0 SoterThes | 1 pnmen ST Light P | 0 Oor Expioiny:
DNERGY STAR Mpphvoees: T Aeploros Enwrls Soure:
Apytamons ool o 2 ot (On Ofromse  Oflecic £ Neuwsi Goe
somiat {0n Deckans | 5 Donar Dosesiver
st —
WRC (Seralhe {5 High Plwney HYAC - SEER 23 Hoat Parnp - Tharmaset/Coctlions | 71 Pestive Scler
inCommanis Ao} | G Pragrammmbie Thermostat = Wind 3 Raskant Fioar Heet 12 Geotharme:
T ENEREY SR Hosow 2 indmes or PLUS Package
Emagy Roting 13 WAWES (Home Performence with ENEREY STAR) 133 Energy Recovery Yewtiator Unit
2 Oter (Domrbe): | T
—- e - .. - PO -

Cerresatiem

14
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Work to be done:

* Consistent Labeling (consumer awareness)
* Energy Efficient mortgages (fund smart EE)
* Better load management
— Reduce end of day peak
* Better energy models:
— Predict and benefit from reduced peak loads
—~ Better identify and promote peak load reduction strategies

Define future state:
— ldealized energy sources to optimize total kWh cost
~ Cost effective rehab / new build

Sponsor change to move the industry on Win-Wins

15

Questions?

16
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Thank you!

Meritage Homes
www.MeritageHomes.com



http://www.MeritageHomes.com

U.S. Electricity Generation — Shifting Paradigm
What is a Microgrid? What Are Attributes?

Case Examples of Operating Microgrids

Agenda

Why Build MG's?

Regulatory and Emerging Policy Issues

Q&A

INTERNATIONAL
/ ; DISTRICT ENERGY
ASSOCIATION

6/24/2014
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INTERNATIONAL
? DISTRICT ENERGY
ASSOCIATION

+ Formed in 1909 — 105 years in 2014

» 501(c)6 industry association

s Approx. 2000+ members in 26 nations

¢ 56% are end-user systems; majority in
North America

» Downtown utilities; public/private colleges

& universities; healthcare; industry, etc.

U.8. DEPARTMENT OF

r.
A

O THE BiRsT

o RzFORT O
O_TR ! QUADRENNIAL
| TECHNOLOGY REVIEW

“For the average coal
plant, only 32% of the
energy is converted to
electricity; the rest is lost
as heat.”



6/24/2014

Efficiency of US Power Generation
 U.S. COAL-FIRED POWER P

Capacity 2007 toted

2567 guasratin sweeighied

ORI Ty TR

i
}
i
CH3R0Ty {
(GY i

Power Engineering Magazine, November 2009

Estimated U.S. Energy Use in 2012: ~95.1 Quads L ‘;{égﬂéna LaL!I)\;raM@Se

— — Net Electricity
mports

u.L408

Source LM 2013 Dala s Baved 0 DU EIA-0G25:2G13-05), Sbay, 2013 M thes information o1 & repiodiuction of it is used credi mus! be grven 16 the Lawienx e Lvermors Natronal Labor story
47 e Department of £ nes gy, Under whose awipecrs the work was performed. DNslributed BecliCity repfesents only retal Bectricily sales anc Goes not ichade Sell germermior: E1A reports
€onLmPton of renewable 1€30UTLex e, hydra, wind. grothermal amd xolar] for electracity i BTU-equivalen! Vaives by a35uming & bypea’ foasil fUei piam. "heat rate” The effiency of slectncity produttam
+3 CalcuixTed as the total retai! electricity deliveres draded by the primary ensr g, 1Nt M0 electngity generatiors End Lise efficency 13 e3timatea 5 65% for the 1esientisl and commmmr s’ sectors B0
Tor the induatria’ sector. and 21% for the transportation sector Total. m no' aqual $um of components dise to independec: roond:ig LM 1-41055
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The Enorgy Iducation Exparts

y Flow from Source to Use, 2011 G,:de,,,m,-“) i

Conversion
Losses i Plant Use*
25.22 081

Fossil Fuels
26.48

Petroleum Residentiat
0.29 486
Cangurn ;
Prher Gasest to Gonerate 3 Commercial
0.09 . N } _ 450
Electe .
Other? Industrisi
0.16 a3
Renewable
Energy Tranportation
5.14 003
jctric Power Direct Use®
236 0A4
Buast humace gas, propane gas, and ohes manstacired s waste paE. 2 Elecki enenyy used f B opecalion of power planks Noten: + Nex geraxshon of slecdficky Incuudes pumped
gerived from fassi fusts. ) i i sirag aciiey prochuchon minus ewrgy used &
and $ fowses thal ocowr batween b pumpes « Vakies e dunved o source dat prex
Balteries. chemcats, hydrogen; pich, purchased sissm. Sulfs misuekaeou: " pointof. jion and deivery 1o the cusiomer) e 7 percertol 16 founthg for pubkeation. - Totals may not e sum:
technplogies, Bnd non-renewsbie waste (municipe soid wask: from gross 3 o componerts e 10 independent SUNGNY
foh-blogenic sources and trs-derived lueis). - Useol 'y gtk 1) sehger . 2) produced by either the same enty s...u‘:us Enesgy informeon Admenisyauon
e differences and oing tha: zonsumes the power or an alfftate, and 3} used in direct support of 3 service At Erergy Revew 2010
focated witin. 8% facity o group ot {actdies thal

o
house the generating equipmet. Direct use is xChisive of station use.
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CENTRALIZED GENERATION

PR

DISTRICT ENERGY

Hiustration, copyright AE) / Affiliated Engineers, Inc.

Paradigm Shift

In U.S., during the first half of 2012:
* 165 new electric power generators installed
« Totaling 8,100 megawatts (MW) new capacity
« Of 165, 105 of those units under 25 MW and
* Mostly renewable - solar, wind or landfill gas
* Other factors - environmental compliance costs; poor load
factor; low wholesale power costs and cheap natural gas

6/24/2014



District Energy/CHP/Microgrid
Emerging Drivers

Growing demand for greater grid
reliability and resiliency

Choice to deploy clean energy sources
to help compete for high quality
employers, factories, tenants

Desire to expand local tax base &
replace remote coal generation

Flexibility to tap local energy supplies
to improve trade balance & drive
economic multiplier

Cutting GHG emissions and addressing
climate adaptation

Local infrastructure advantages in
extreme weather events

MICROGRIDS:
LOCAL, RESILIENT AND
CLEAN ENERGY

INFRASIRUCTURE

6/24/2014



What is a Microgrid?

A local electrical system that combines retail load and
distributed generation. A microgrid may include
integrated management of thermal and electrical load,
thermal and electrical storage or a “smart” interface with

the grid. It can operate in parallel or in isolation from the %
grid. "'
Local
CWH Generator
Utility Synchronizing
Meter Isolation
Breaker
Power
Demands
Central Utility
Power Station /.
- Isolation
Utility Breaker Local
Meter Power
Demands
B ! UTIUTY GRID
AREA SUBSTATION i AREA SUBSTATION
MICRO | GRID 'l'
SITE SUBSTATION d
. SURPLUS REAT
\ DISTRIBUTED
\‘3,\ GENERATION
ST
J——
WIND
[
—
DISTRICT ENERGY
& THERMAL ENERGY STORAGE RENEWABLE
GEO THERMAL
THERMAL
MASTER
CONTROLLER
] ELECTRIC
o STORAGE
DIESEL GENERATOR

GAS GENERATOR

6/24/2014



What Utilities Provide The Grid:

THE OBVIOUS:
* Energy — KWHs
* Infrastructure to deliver energy

ALSO:

* Diversity of fuel sources

* Diversity of generating locations
s Capacity, planned for peak loads
s Redundancy in case of failures

* Diverse power delivery network
* Voltage stability

* Frequency stability

* Wave form stability

* Metering & billing

Microgrid Resources Can Provide:

THE OBVIOUS:

* Energy — KWHs

— High efficiency and lower environmental impact due
to CHP

— Reduced congestion with proximity to actual loads

* More control over demand & load shape

— Integrate thermal resources (+ storage) to offset
expensive peak loads for heating/cooling

— Use more base-load plants, avoid peaking plants
— Reduce costs for all customers

6/24/2014



Microgrid Resources Also Provide

 Diversity of generating locations

— Reduced risk associated with transmission and
distribution failures

 Diversity of fuel sources

* Capacity, planned for local, critical loads
e Thermal energy for district heating, cooling

* Redundancy in case of grid failures
— Small, localized failures instead of regional failures

* Voltage stability

* Frequency stability
e Wave form stability

Simple Microgrid Concept

Central Utility
Power Station

Local
Generator

KWH

Utility
Meter

Utility
Meter

Synchronizing
Isolation
Breaker

e

Local
Power
Demands

Isolation
Breaker

EJDI
0O

Local
Power
Demands

6/24/2014
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Microgrid Options
_®\\@

GT, Diesel, )
Micro-turbine _Economic
Dispatch

—

/
Battery or
_@_—__.__/ flywheel
Utilit Synchronizing | 6 9/
Y Isolation

Meter Breaker reciprocating gas engine,
solar PV, wind, micro-hydro...

Central Utility
Power Station

Microgrids Add Grid Reliability

!

2 Locat

Synchronizing
Utllity isolation
Meter Breaker

") | )
Synchronizing

Utitity Isolation

Meter Breaker

Central Utility /\ —
Power Station U i

Isolation
Utility Breaker

) =3
Synchronizing

Utility isolation

Meter Breaker

B [0

11



Why Build A Microgrid?

» Benefits for the Owner

— Enhanced Reliability and Resiliency

— Cost Reduction o

— Environmental :
* Benefits for the ISO

— Reduction in LMP Cost

— Increase Capacity Supply

— Reduction in Transmission Needs

— Reduction in Marginal Losses

— Rapid Frequency Regulation

— Spinning Reserve

Why Build A Microgrid?
* Benefits to the Local Economy

— Enhanced Reliability/Resiliency — Reduce business
interruption risk

— Areas of Refuge for Citizens/First Responder Support

— Power for Local Critical Infrastructure

* Hospitals, Gas Stations, Police & Fire, Waste Water
Treatment Plants

» Benefits to Local Electric Distribution Utility
— Reduced Peak Load

» Problems for Local Electric Distribution Utility
— Loss of Revenue
— Interconnection Issues

6/24/2014
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Multi-Building Microgrids

Microgrids not recognized as a unique class of grid
resources
They are under-utilized and under-compensated for
— Providing energy and auxiliary services
— Contributing to reliability and availability
— Ability to quickly balance intermittent renewables
They face state regulatory hurdles including:
— Limits on servicing multiple customers

— Limits on serving multiple properties of the same
customer

— Limits on partnering with third party developers

The current utility business model provides
disincentives to customer efficiency and flexibility

Currently, MUSH market represents “best in class”

MICROGRIDS:
ENHANCED
EFFICIENCY

6/24/2014
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University of Texas at Austin
e Began Microgrid operations in 1928 — 100% of power load
« 17 Million SF; 150+ buildings; 71,000 population
s 143 MW CHP, 325k Ib/hr peak steam; 44,000 tons CHW
e 99.9998% availability over 35+ years
+ Invested $150M in energy efficiency since 1987
e Cut CO? emissions by > 90,000 tons/year

Effects of Utility Improvements on Efficiency and
Emissions at University of Texas Austin

Annual CO2 Emissions ,/'1
(Tons) ’,/
”
400,000 o
o\"‘?"/
R
\ e
350,000 (’a ((:Q, v ’:. o@ .
p2ii nn I wa O g s,
300,000 ] 2NN . )
/ PN S Plant Projects and Utility Improvements
," ) ——
250,000 /,:_T‘_T [ }‘
. i £ H >
200000 efur to 1977 £arbdnEinisqidn|&) Fuel v%ls.
150,000 B | | &
thifliph 3f b<. 17|njilidnlsf | |
100,000 ’ 1& illi g 1 - " L dnkt

ARPPP A PP LD RPRP PSP P PP PP PSP PSP PO
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Thermal Energy Corporation (TECO)

Serves the Texas Medical
Center — largest medical center
in the world

18.9 million square feet

18 institutions, all are not-for
profit

— 7 hospitals
— 2 medical schools

— 3 nursing schools
6,800 hospital beds

“Mission-critical” customer
base

$1.2 billon of annually funded
medical research

Thermal Energy Corporation (TECO)

District heating/cooling since 1969 B

Added 48 MW natural-gas CHP in
2010

System efficiency now +80%
Cut 302,000 tons of CO?%/yr
— Removing 52,000 cars
— Planting 83,000 acres

Avoided $3000 per MW peak
power charges summer 2011
Returned over $9 million in
operating expense savings to
customers FY 2011

6/24/2014
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MICROGRIDS:
ENHANCED
RESILIENCY

~ SUPERSTORM SANDY:

106 fatalities

16



8,100,000 homes lost power

. 57,000 utility workers from 30
states & Canada assmed Con
Edison in restoring powe‘r

Total estimated cost 16 date
971 billion+ (dni lost business)

6/24/2014
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THE COLLEGE
OF NEW JERSEY

5.2 MW DE/CHP




6/24/2014

R

s
proag
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“Combined heat and power
allowed our central plant to
operate in island mode without
compromising our power supply.”

Lori Winyard, Director, Energy and
Central Facilities at TCNJ

UNIVERSITY
CONNETICUT

4.6 MW DE/CHP

20
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98% of the Town of Fairt Id lost
power, university only lost power
for a brief period at storm’s peak

University buildings served as
“area of refuge’ for off-campus
students

21
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cooperdatives in the world; 10th largest
“city” in New York State

40 MW Cogen plant maintained heat
and power throughout Sandy - back
fed Con Edison grid =~ =

PRINCETON
UNIVERSITY

15 MW District Energy
CHP

STORM-TESTED
+PROVEN ANNUALLY

22



"We designed it 50 ih electrical
system for the campus could become
its own island in an @mergency. it cost
more to do that. Bu

did.*

Ted Borer, Energy Manager, Princeton

6/24/2014
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October 2011
Hurricane Irene

October 2012
Hurricane Sandy

Lights. Stayed. On.

Princeton University’s Microgrids

FROM PSEG FROM PSEG

CHARLTON
SUBSTATION

WEST

CAMPUS /

EAST
CAMPUS

22 MW 6 MW
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Princeton Plant Energy Flows

PSEG
Electricity

Natural Gas

#2 Diesel
Fuel Oil

¥

I Electricity

Gas Turbine
&

HRSG ety I_

Backpressure

Turbines "l

Biodiesel
Fuel Oil

Duct Burner & |y
HRSG

Auxiliary _—
Bollers

Campus Energy
Steam Users
Chilled Water
&
Thersm:tl Storage Chilled
ystems Water

Conventional Power Generation

Natural Gas ﬂ

Power
. . Turbine
Air W | Gas Turbine Electric
Generator

—— Electricity

EHM Exhaust Gas

~ 33% efficient

6/24/2014
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District Energy/CHP/Microgrid

Natural Gas
E@ Power
. Turbine
Air ‘ Electric — Electricity
Generator
Hot Exhaust Gas
~ - L) :
Natural Gas T 75 - 85% efficient

Heat
Recovery

Boiler smmp Steam/Hot Water/Cooling

How Much More Efficient is
Combined Heat & Power?

Gas mrbine Simpie-Cvcle Efficiency Cogeneration System Total Efficiency

Oct1,2013-Feb 14,2014 Oct 1, 2013 - Feb 14, 2014
100%. - 100%
95% - 0% 4 il
s0% 4 %0% 1
85% - - 85% +— o kY olo )’__
80% + 80% < o A —
75% 4 75% -

é R i |
55% + 55% <t +
B oo 1 # e
45% — § 5% +—
E 40% + 8 ao%
as% - 35% +
30% < 30% +—+
: L 25% 4
:‘:: j:J 20%
15% N 15%
1% 10% —
5% - 5%
% 0% '
012345678 91011 121314151617 0 10 20 30 40 50 60 70 80 90 100110120130140 150160170
G Power Otitput, MW HRSG Steam Flow, M#/Hour
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Chilled Water Plant
>
Steam @ 1 > campus
9 _
Electric @
m

Facililios
Engineering

kilowatts

1994 - Before
District Cooling

1995 - After
District Cooling

Jan Feb WMar Apr May Jun Jul Aug Sep Oct Nov Dec

350,000 sf commercial office building built in 1965. Located in
Cleveland. Two electric chillers displaced. Actual peak meter
readings varied just 2% Jan-July.

6/24/2014
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Princeton CHP/District Cooling Reduces
Peak Demand on Local Grid

Y

Grid femand

S

- dun 22 9930208 2000

Economic Dispatch System

PIM Electric Price

NYMEX gas, diesel,
biodiesel prices

Biodiesel REC value
& CO; value

Current Campus
Loads

_—

Weather Prediction ]

Production
Equipment

Efficiency & —
Availability

“Business Rules”

Historical Data
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Princeton Micro-Grid Power Generation
Dispatch To Optimize Savings - PJM Grid

i = Turbine Output —;& T = Price -

A

! . >
N H

TR .

Electric Price in $/mwh

--- Turbine Qutput in MW

i o
> R RS Wan

-$1.0 to 3.5 Million per year ',Eamlnms

Princeton University PV Farm - Aug, 2012
16,500 PV panels generate up to
327 Watts each at 54.7 Volts DC

6/24/2014
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Princeton University 5.4 MW Solar Farm

20

18 -

Main Campus Power, Generated & Purchased
During PV System Testing  August 30, 2012

& Charfton 5t import MW
| €imDrive import MW
B CoGen Output MW

W West Windsor PV Output MW

6/24/2014
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Main Campus Power Purchases
During PV System Testing  August 30, 2012
20 . . PR

8 - -

16 -

- - MEIMOrive tmport MW

§1° . . . # Charlton St import MW

4] 4 ’ g ’
1200 100 2080 380 400 500 $:00 700 $80 900 10:00 1100 12:00 160 200 386 490 SH0 400 TOD $:00 900 20200 11:00
AM  AM  AM AM AN AM AM AN AW AM AM AWM PM PM P PM P4 PM MM PM PN MM PM MM

Princeton University Microgrid
Benefit to Local Grid

During August peak: 100* deg F; 80% RH
¢ 2005 campus peak demand on grid 27 MW
* Implemented advance control scheme
* 2006 campus peak demand on grid 2 MW

* Microgrid “freed up” 25 MW to local grid
— reduces peak load on local wires
— avoids brownouts
— enhances reliability
— supports local economy

6/24/2014
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MICROGRIDS:
ATTRIBUTES /
BENEFITS

Microgrid Attributes/Benefits

* A microgrid is a local electric system or
combined electric and thermal system that
includes retail load and the ability to provide
energy and energy management services
needed to meet a significant proportion of the
included load on a non-emergency basis;

* is capable of operating either in parallel orin
isolation from the electrical grid, and that,

» when operating in parallel, may be capable of
providing energy, capacity, ancillary or related
services to the grid.

32



Microgrid Attributes/Benefits

Using CHP to serve balanced electric and thermal loads,
microgrids can achieve generation efficiencies above 80 %
compared to 32 to 45 % for conventional generation

By using thermal and electrical storage to manage time of
use of imported electricity and fuel, microgrids help
moderate power prices by efficiently shifting load to
times of lower demand and pricing.

Including renewable energy allows microgrids to
undertake efficient and flexible hybrid generation
operations

These energy management strategies not only save
money but also significantly reduce the environmental
impact of providing energy services.

Microgrid Attributes/Benefits

By “islanding” from the grid in emergencies, a microgrid can
both continue serving its included load when the grid is down
and serve its surrounding community by providing a platform
to support critical services from hosting first responders and
governmental functions to providing key services and
emergency shelter.

Microgrids can make it feasible to place generating capacity in
congested areas of the grid closer to load density and, from a
planning perspective, can reduce contingencies that threaten
grid stability.

Through fine tuning its own generation and load, a microgrid
can provide load following and other ancillary services to the
grid in response to real time signals.

Moreover, they are capable of providing energy and multiple
ancillary services at the same time. Local microgrid service
providers can make the operation of the grid more
competitive.

6/24/2014
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Microgrid Business Best Practices

Fully integrated load monitoring, forecasting,
operational flexibility, responsiveness

Parallel operation with real time price signals
and optimization strategies (make/buy)
Ancillary services — capacity, frequency and
demand reduction

Bankable business models will be critical for risk
averse customers

MICROGRIDS:
POLICY ISSUES

6/24/2014
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Industry Policy Aims

Improve overall efficiency & reliability of
regional and local grid

Define microgrids and their services accurately
in state regulatory schemes

Outline fair compensation for value produced

Help reinvent reliability planning to take full
advantage of microgrid services

Accelerate deployment of microgrids
Help define grid business models of the future

Microgrid Policy Opportunities

Help to transition state policies from ignoring
energy waste to rewarding generation efficiency

Fairly address market access restrictions; rights of
way; interconnection; departing load charges

Strengthen grid and reduce regional emissions

Achieve proper valuation of costs of lost business
and interruption risks (521 M in NJ in 2012)

Not just an electricity issue; nor just supply

Private capital may seek multiple energy revenue
streams to address risk/achieve returns

— Microgrids may not be competitive with power only

6/24/2014
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Barriers to Implementation

* Microgrids face often-conflicting regulation at the federal, state and
sometime local levels.

* As FERC has recognized, even though they are generally located behind the
meter on the distribution system, microgrids provide services that substitute
for and compete with the services of wholesale generation.

* They generally purchase power at retail rates, either from utilities or, where
allowed, competitive load serving entities that are regulated by state public
utility commissions (PUCs), and they sell power at wholesale rates subject to
FERC jurisdiction.

* Adoption by independent System Operators (1SOs) and RTOs is following
slowly, there is still much room for improvement.

* Regulations are designed for resources that are generators or provide ioad
curtailment, not resources that are both.

* Microgrids employing multiple energy management technologies can
simultaneously provide multiple services with muitiple set points, but market
rules generally do not permit them to do so. Traditional baseline load
calculations for demand resources do not capture the optionality of
microgrids.

* In addition, microgrids are generally not recognized as capacity resources.

Barriers to Implementation

“Congestion pricing” in RTO markets allocates the use of the system but
does not provide an incentive to site generation to meet grid planning goals.

Microgrids are neither transmission nor pure generation and are really not
contemplated by the planning system at all, even though they can provide
reliability and economic benefits to the grid.

In some states it is not possible for an independent developer to provide
energy generation services to a single customer on the customer’s own site,
and in most states it is not possible to aggregate retail load from multiple
customers into a microgrid.

Even in states with retail deregulation, load serving entities generally must
provide energy on an all or nothing basis. Community choice aggregation
legislation, virtual net metering, and, in a few states, specific microgrid
support legislation, are the exceptions.

As a result, most sophisticated microgrid development has occurred on
campuses, universities or private research facilities, where a single end user
is microgrid host. Even interconnecting multiple facilities of a single user
across roads or intervening properties can contravene state law in some
states.

6/24/2014
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Barriers to Implementation

Utility companies are compensated on basis of the total megawatt-
hours (MWh) delivered, and a reduction in retail demand through
energy efficiency or distributed generation threatens business model.

Generally, utility rate regulation discourages distribution companies
and integrated utilities from encouraging microgrid development.

Distribution networks play a critical role in supporting customer
microgrids and eventually can contribute to integration of multiple
microgrids into more self-healing, resilient regional electric systems.

Non-discriminatory compensation for all services provided to and by
microgrids, and support investment incentives for linking microgrids
into the grid of the future.

Without new business models that reward distributed energy
resources while also maintaining the financial viability of the
distribution system, the promise of microgrids will not be achieved.

Industry Regulatory Objectives

Define the microgrid resource in the context of each regulatory scheme to
seek parity for resources with similar capabilities and non-discriminatory
treatment where microgrids can provide exceptional performance.

Identify all the layers of services being provided to and provided by
microgrids including energy market and ancillary services, locational capacity,
transmission distribution and related reliability services, and local and
regional resiliency services.

Establish the basis for reasonable tariffs than do not discriminate between
wires and generation and among end users, distribution companies and
independent developers to the extent that they provide equivalent reliability
and adequacy services.

Seek ways to implement and incentivize integrated reliability planning that
accommodates the interests of private sector and regulated infrastructure
investors, state and federal regulators, and stakeholders.

Support local governments in their efforts to achieve more resilient and cost
—effective energy infrastructure and join the conversation to define the utility
business model of the future.

6/24/2014
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Microgrid Industry Objectives

Equitable access to grid resources and revenue

2. A new grid paradigm with more owners of
distributed resources on the grid

Economic fairness and transparency for all grid
participants; reasonable cost for access

Durable and predictable regulations to de-risk
investments and attract private capital

State Policy Drivers - Choice

Massachusetts - Green Communities Act, 2008
— Provides for Alternative Energy Portfolio (APS)
— S5.2395 (2012) calls for the study of alternative energy that provides“useful
thermal energy”
— DPU-12-76 — MA Grid Modernization Act, July 2013 — compelling investment
in microgrids
New Jersey: New Jersey BPU - P.L.1999, c.23, and P.L.1997, c.162
— Cogeneration Law (2009) enables retail wheeling of cogenerated electricity
to thermally-connected customer buildings
New York: “Reforming the Energy Vision” — NYS DPS, May 4, 2014
— Provides for more distributed generation, microgrids and DSPP’s
Connecticut: CT DEEP, Public Act 12-148 Microgrid Grant & Loan

Pilot Program
— Clean Energy Finance and Investment Authority and Energy Improvement
Districts (EIDs) — aliows interconnect to public buildings for resiliency
Maryland: “Resiliency Through Microgrids Task Force”, Feb 2014
— Study the statutory, regulatory, financial, and technical barriers to the
deployment of microgrids in Maryland.

6/24/2014
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District Energy/Microgrids: Final Considerations

L. i

- Thermal energy also critical, not just electricity

* CHP is clean, proven, and competitive
* Robust assets, not “backup” systems
* Transparency and parity for access

* Not a technology issue, but regulatory
* Governors/mayors/CEO’s seeking more resilien;
* Clean, reliable infrastructure drives economi

INTERNATIONAL
DISTRICT ENERGY
ASSOCIATION

Thank you for your attention.

INTERNATIONAL
DISTRICT ENERGY
ASSOCIATION

www.districtenergy.org

Rob Thornton

rob.idea@districtenergy.org
+1-508-366-9339

6/24/2014
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Other Resources

» www.ThinkMicrogrid.com

* Microgrid Resources Coalition (MRC)
— www.microgridresources.com

40
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ENERGY

Sustainable Energy Use Technology

Arizona Corporation Commission Workshop

1 DNVGL® 2014 SAFER, SMARTER, GREENER

DNV GL: Serving the Needs of the Energy Value Chain

e

o S e e

Policy & . o “Transport &
Strategy Trading : Distribution -

= Foundation with 16,000+ employees worldwide, 150 year heritage

= Business and technical advisory, operational services, risk management
= Testing, inspections, certification, verification

» L eadership in standards development
* Research & innovation — at least 5% of annual revenue spent on R&D

= Leader in planning, implementation, and evaluation of sustainable energy
use programs

iRt s D L R e T T [P e o
el s DA e T ARy e el B SR R

2 DNV GL © 2014 June 25, 2014
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Energy Management Technology Taxonomy

U (VA ST T4  Lighting, Appliances, Air Conditioning
Equipment  Motors, Refrigeration, Pumps

. o Insulation, Windows, Integrated Design - -
Building Shell + Infltration, Building Materla ls, Shading

Controls

F LY ele 1B B » Monitoring, Logging, Benchmarking
PN EWATRS S g © Energy Assessment, Alarms, Dashboards

« Commissioning, Maintenance, Heat Recovery
» Process Design, Passive Ventilation

3 DNVGL © 2014 June 25, 2014 DNV-GL

Energy Efficient Equipment:
Lighting

Lighting vs Non-Lighting % of Total Program Savings ¥

Most significant, if not the majority, 100% -
of total savings for many utility EE
programs 75% A

Mainstays (but on the decline): 50% -
= T5/T8 Linear Fluorescents
* CFl's

What’s Next: ) i
= LED Lighting Az NM NV A M
. Lightlng Controls @ Lighting  ® AY Other End-Uses

LED A-Line Lamps LED Recessed Fixtures & Panels LEDs with ‘Purpose’ - Street Lights, Traffic Signals, and Exit Signs

DNV-GL
* Data from DNV GL administered utility EE programs across five states, 2010-13 cumulative kWh savings

4 DNVGLE 2014 June 25, 2014
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Energy Efficient Equipment:
HVAC

Significant savings to date, but compared to lighting, HVAC has higher hurdies -
increased capital costs and complexity (can’t just ‘swap out’ like lighting fixtures)

Mainstays:

« Variable Speed Drives: fans & pumps do not always run at maximum power, and neither should the motor

= High-Efficiency Chillers: when partnered with VSD’s, can reduce cooling energy input by 30-50%

= AC Upgrades: Many options: unitary/split, AC/heat pump, ground/water source

» Airside Economizers: increase efficiency by taking in outside air - important for data centers & large facilities

What’s Next:

« Maintenance & Operational Adjustments (e.g. Retrocommissioning)

= Energy Recovery Ventilation: reduce ventilation load by transferring energy between exhaust & intake airflows
* Variable Refrigerant Flow (VRF): extremely efficient, uses refrigerant piping rather than ducts

Traditional HVAC i VRF System

o
Cerearw
DNV GL @ 2014 June 25, 2014 DNV-GL

Energy Efficient Equipment:
Food Service & Refrigeration

Small portion of total program savings, but a high priority — the food service &
grocery segments have the highest energy cost intensity of all commercial
buildings

Mainstays:
Commercial Building Energy es ®

« Refrigerated case lighting

Night covers

Strip curtains

EC motors

Evaporative fan controls

Anti-sweat controls

Average Energy Cost {$/sq ft}
w
¢
i
i

0 -
& o‘é* (l@ éé\ <8 0(\‘
A 4’
G
< TS
o
‘0\\0
¥
e L e B vt e d LB A e e sl ek e
6 DNV GL © 2024 June 25, 2014 DNV-GL

* Data frorn 2003 Department of Energy Commercial Building Energy Consumption Survey (CBECS)
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Building Shell - Mainstays

Cool Roofs High Performance Glazing
» Reflect ~85% of solar heat (compared to ~15% for = Improved coating, inert gas filling,
traditional roofs) & muttiple window panes

Ceiling & Window Insulation

« Moisture and air leakage control - critical for new
construction projects & major renovations

7 DNVGL® 2014 June 25, 2014 DNV-GL
Building Shell - What's Next?

Phase Change Materials

= Material embedded in building walls & ceilings that change from liquid to solid to absorb/release heat

r.»f s A

w

AN S iR N - >

BioPCM © made from renewable plant resources such as coconut and soy : -

“ " j ] w o
Smart Glass

= Thermochromic: adhesive coating passively = Electrochromic: electric current controls

adjusts window as temperature changes window tint - can be manually adjusted

Boeing Dreamliner Windows
R

L A Eaii

8 DNVGL® 2014 June 25, 2014 DNV-GL
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Controls: Lighting

Mainstays:

» Dimmable
Ballasts & Fixtures $50n o

- |
. |

Mac W0o. | e 0 '

PR
. i

Occpms On ] vaar 0 |

What's Next:

i * Personal Controls

-~
.

E)

e - )
.! ¥ | « Occupancy Sensors | ;% [\s§ | * Integrated Scheduling

—’, » Tarn D 4
. Y | - Daylight Sensors o ‘E‘: * Demand Response
Fln L” Full On Qo
Example - Daylight Sensors .
P vlig 80% dimmed

50% dimmed

9  DNVGL® 2014 June 25, 2014

DNV-GL
Lighting control images frorn Lutron

Controls: HVAC

-

Mainstays:

* Demand Control Ventilation: ventilation based on
actual occupancy, not assumed

Programmable Thermostats

Guest Room Energy Management: room occupancy
sensors, key-card based sensors, & temperature
setbacks

Energy Management Systems

What’s Next:

Advanced Unitary HVAC Controls: regulate building
temperate based on outside air and buitding occupancy
(15-55% energy savings)

Continued investments in EMS

Staged/Variable Speed
Compressor

Outside Air
Control

Multi/variable Speed
Fan Control

Occupancy
Based Controls

S R e Ry T

Advanced Unitary HVAC Control System

10 DNVGL © 2014 June 25, 2014

DNV-GL
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Energy Information & Analysis Systems:

Diverse Functionality and a Crowded Market

Area

Function

Sample Firms

Building Controls
& Audit Tools

Controis/Fault Detection

Remote Audits

Audit Platform

Demand Response

8 . STWENTY ﬂ'&euiidinglq

@ Edilenergy

comverge R yiridityene: zy
© crsimionnr QIENLCT @ ENERNOC

uciy ~Mee

Analysis & Modeling

Advanced Modeling & Forecasting

Remote Screening

Benchmarking

FIRSTFUEL d{ ruroficiency

EnergyiQ

Program
Implementation

Customer Engagement & Application
Processing

Contractor Management

Performance Tracking & Monitoring

& EnergySavvy

Enterprise Energy
Management

Carbon/EHS Tracking

Procurement

Utility Bill Management

Building Portfolio Management

WG D IR

3w S S R R S R SR R R

T OO
enobsl:fl cr?“ “ Ss.gf.'. o

11 DNV GL® 2014 June 25, 2014

Systems & Process Optimization:
Behavior Change & Energy Use Variability

What causes variation in energy consumption for industrial & manufacturing

facilities?

« Input & Output: outside temperature, raw materials, & types of products produced

« Process: Level of automation & influence by operators

Gas Consumption (cublc meters)

300,000

EUR/year

potential
savings

Different operating modes?

600 m3‘h
variability for
the same
electricity
production

Pictured: high energy variab
B R i SR

ility observed for electricity production at cogeneration facility

ety protuchsn fow]

i vt

12 DNV GL © 2014 June 25, 2014
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Systems & Process Optimization:
Passive Technologies & Zero Net Energy

Passive Building Technologies Zero Net Energy
= Use of site location, sun, thermal characteristics of * A building that produces as much energy as it consumes
building materials, and air flow to minimize energy over the course of one year

consumption = CA has set the ambitious goal that all new residentiai (by

2020) and commercial {by 2030) buildings will be Zero Net
Energy

Natural ventilation from sketch to analysls to build for zero
net energy office building in San Diego, CA

Shower Towers - Passive evaporative cooling from sketch to build

B At

B bt M 8 s e e e T ] i i s i s e e ST R

13 DNV GL© 2014 June 25, 2014 DNV-GL

Key Market Barriers for Adopting Energy Efficiency Measures

mHigh information search cost

mHigh hassle and transaction costs

= Performance uncertainty

= Organizational customs

= Access to financing

= Split benefits (owner vs. renter, builder vs. buyer)
= ack of buyer-selier trust

= Replacement timing: Lost opportunity

2340 et A e G e I T R W o T

14 DNV GL © 2014 June 25, 2014 DNV-GL
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Energy Efficiency Project and Program Stages

« Engage * Assess
e Increase ¢ Present
Awareness Solutions
. @ Implement
¢ Simplify ¢ Assurance

Options
» EPC Support

* Verify &
Certify

e e

L

15 DNV GL © 2014 June 25, 2014 ONV-GL

DNV GL:
Continued Improvements in Program Implementation

Online Rebate Application Direct Install iPad App
» Streamiines application process, encourages repeat = Enables contractors to perform an on-site energy
customers, & simplifies review process assessment, calculate project costs, and make real-time
quote adjustments
L Poniess Onentn s.u-;- PSR SUPIRY e > ———
DN G.. Peapossl Dl f®
Yo i 5 osews. nalagt 20 cotager; owd 54 e OMIYS sastabet. / Acossn Agreement Form
U - MACVID  weteiw  Nbamie  Uighieg Pl o
»w ] : i Uighting Ivertory ‘ y Fanlity w3
Fasomn e Eon g I Othar Measuree .; Facty Oy Outescn
“#a Re & . z 2 Oute 15008
s B Documens © E—
) py J propengrw
b e Proposel Suemmery a I .
[ . = Proposat Status ! ok T M
o Participution Ageewant | Prone 11045 7e00
@ Project Corplation Form { ot e
S 11 [amren famck 3 o
Dot 1 Ceger; 1 Bggved e [ o Comceed | Ket i —
o R
LER S —~nit U A T T ] [rr—— i pr— ]
O Gy wmfen W e SBER - | e
W e R o R e - - B e Cebgmanty
e 18007000
Jresaisiym) P A s e 1200
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DNV GL:

Continued Improvements in Program Implementation

Contractor -> Trade Ally

= Contractors are pre-reviewed &
undertake training on program
components

Cost-effective marketing -
contractors help to reach larger
customer segments

» Local contractors = local jobs

DINOMAE “Do-It-Now or Meet-An-Engineer”

» Tool under development to streamline outreach
efforts to large C&I customers

Multiple-choice interview questions generate all
potential efficiency recommendations by the end of
a short interview

Eliminate the need for detailed audit or engineering
review

Site Inspection iPad App

= Allows inspectors to view details for all installed measures
and document inspection results seamlessly

< Mowmrer Lightiog Prasbost +
F

F 7oy Ts Puomacert o

Taxwpwns Tye TS o T Fa0m008 Fature w! aeckprec ek

Mrmaire Totas xintr Funsa Wekts Luas Toia’ e Fiias watts

TS or T8 Fuomacent Fotu...

F T T o

TS or TR Fluormecent FiXtl...  fosiBoviwempwfunse 206

F TS or T8 Fluorescent Fizty...
[ - :

TS o T Fuomecent Fortu..
I
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DNV-GL

Rich Barnes, Vice President and Global Manager, Sustainable Energy Use
Richard.Barnes@dnvgl.com

510-853-2152

www.dnvgl.com

SAFER, SMARTER, GREENER

18 DNV GL © 2014 June 25, 2014
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R HORIZON - { \HORIZO
E—.—o Em >—.m Overview of CHP P’ POWERSYSTEMS

* Combined Heat & Power Systems or CHP is the simultaneous

* Om—um_ﬂO—am ._..c-.—u_:m OO—.UO—.mn_O_‘_ production of electricity and heat from a single fuel source

Founded 1988 — Commercial launch in 1998 * Majority are Natural Gas fueled

World {eader in microturbine design/manufacturin
9 9 * High quality waste heat is used for space heating, DHW heating,

7,000+ units shipped worldwide process heating, pool heating, & space cooling
Over 35,000,000+ operating hours

]

+ Think of CHP as a prime power, energy management tool, reducing

. » Horizon Power m<mnm—3m is an authorized energy and operating costs at commercial and industrial facilities year
Q_ _‘._ r 1 1 round.
st UC._”O O._.. ONUM#OD@ B_Oq.OﬁC_,U_ nes » CHP is best for 24/7/365 energy intensive facilities
— Responsible for the great State of Arizona + System runs in parallel with utility, connected on customer side of
— 16 years experience with full sales/service capability utility meter, supplying 50% or more of facility power 24/7/365

— Over 50MW installed, with 10M operating hours and counting » CHP systems can be configured to provide both prime power and back-

up power, replacing polluting & maintenance intensive diesel
generators - attributes good for microgrid CHP also.
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JHORIZON T

N2
POWERSYSTEMS '1&.»‘

CHP Customer Classes Why CHP?

0
2

To create the same power output, traditional sources

Efficiency | US® More fuel and have much higher emissions ™o crpinie

M 3
- Fukl Ukt
230kW of fuel 345kW of fuel
) L FUEL
Office Buildings .M A—“ 4—‘
150kW into boiler 195kW into utility
~ Capstone MicroTurbine ~
EMISSIONS . ENISSIONS
45kW waste heat : EMISSIONS 160kW waste heat
1 0.15 1b/MWh NOx < 3.4 IiMWh NOx
o 0 1,540 |6/MWh CO, 2,320 ib/MWh CO,
U.S. Gov't + ;
Boiler Utility Power Plant
80% efficency 33% efficiency
\_ national average aational average
: . ouTPUT | 7
a . = | ouTPUT
Landfilis Waste Water Plants 120kW hot water output b 120kW hot water output
65kW afectricity output ! 65kW elactricity output
Copyright © 2010 Capstone Turbine Corporation .. — - e

CAPSTONE MICROTURBINES TRADITIONAL SOURCES 8



S9SSO| aul] UonNqLIISIp 3 UoIssiwsues)}
Ayjnn papioae pue uonsaguos pug Aynn paonpay .
Ajenb Jamod pue Ayjiqerjas paseasou) .
sjueln|jod |je JO suoissIWa PaNpay .
sis02 Sunesado iamoq .

Aduaidiyg A8iau3 dH) oulqiN}O.DIIAl JO S}IJoUdg .

i
Aouaroyyg ABiosug

SW3ILSsSAsSH

A MO d P
NOZIHOH! }
Al

Ipsem
Mi oy

W 02

awi 54t &E’

oD

10y
MY 0€2

M §9

uondwnsuo)y
40 Jul0d 38 1amod painquisia
dH9 suojsdes

SW3ILSASHT

NOZI

392U Dp0ads soj sbed sajou 298 °IOQ PUS Y43 i2%inog

on)

i3mod ue|d [es3ud)
asem
M 0g)

ﬂx

apsem
M 09} M) §9 M SPE

WM 021
yoeoiddy jeuopipeay

uonezinn
JedH sneyxa-dHI



LY

\ IZON Clean, Green & { \HORIZON

P POWERSYSTEMS

:
High Part Load Efficiency Reliable Energy

k]
©
£
m
o
»n
<
173
~
m

T T T— T "7 T T T 7 T— T T T
- S S S A B s Dl o Shus s Suttel hnied st Smbts Nt i) RN NG SN
- = o= = - .

v st Sy e upr s pm . issi NOx Emissions
SO b - agel St Suiar e il A oo <ran S i el Ml fofat Gup o W J Capstone emissions are less than 1/10th
1 ——— ——— that of internal combustion engines o

o Tare e e i e s A, e o apas e e Sold et s
T-&.- ol Sl ke s e s gt S s s vk G s s S| - Qualified by California Air Resources

Y St ﬁlIIIJII\“N—m,liﬂlllIJI!._.llﬂll_!|l|l‘_.||q.|I-| i haleals b Sl i I S

P ko' akinka ko st sl s s ks s i ke o S s s W S S S S Board (CARB) — the world’s highest

— F- B e Lt e C o decbmcb e edmmbm b b e cd e mb b mde ] v b b — e e d . .
T W S ke et o e ga e s S e e A emission standards .
50 Lofiizd R i st e T el M ks kel e e e Bl M e i +  Extremely stringent emissions standard
c [ ] T _ _|| I—I|l| -Il.ll_ll_ g |I-|l- .I|- ] ||-|l‘ _ 1 l-lln .
m r .ﬁ-m--a--m--lu--u--mn-ﬁl L-‘“u-m--ni I --m--m-W-m!. that exceeds the requirements of federal
B 1 ¥ e m”wHHﬂu_H.H_HHH.”“MH.rH_nH-U_H_Lu".”u_nHHmn_rn.".nhu standards
e e o e e s o e A P R e e e = First power generation technology to
F-—F=3==7-oTosPTaTTTTIToIPSTIITITCICI0C0T | cewax Efficency Mode (o] receive CARB 2008 Waste Gas .
10 - e —— Emissions certification for operation on US Grid NG Capstone
R s R R b hle b Bl Aoled DDl <= . Reci C200
PIITIITIETILCRINIIATCIIINIY|  tesdshee e landfill and digester gas Average P
PN v ke e e e e e e st et At e T + €30 HEV certified on diesel and natural Source: EPA and ASME
||J\I._ll._.ll._‘llllJll.-|i_.ll.‘IIIIJII._.Il_ull_lllll._.I|1|l_1ll.lln!\*llﬂlv.lljll
it it St b b TR L Tl et ot s Stl duut bt aus MO SO A upugt IS AR S-S gas

DA S S E S A A B et tatel sk aite St ELE b Rl T Rtk St bt it SN
[ -JGHS- UG SDNGH EUINE JDHDH Sy S IUpH PRyt g SR SPR SRS I St el tatals Cadb Sl et el Lol
M i N H P — X H S H —

[} 200 400 600 800 1000
Power (kW)

Well positioned for globai move 1ov seasingly stringent enussions standaras

Allows efficient operation and very high turn-down
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Low Maintenance

Microturbine

= 6 hrs planned maintenance per year

= Scheduled/unscheduled maintenance
$0.015 / kW-hr

» Average uptime 99%

5.000 Air/Fuel Filters,

Igniter Inspect, replace
20,000 Fuel injectors Replace
40,000 Engine/Generator, Overhaul

Fuel injectors

' Internal
Combustion
Engine

= 120 hrs planned maintenance per year
« Scheduled/unscheduled maintenance
$0.018 to $0.022 / kW-hr

= Average uptime 82%

B 18 12 e

Am.o%%ol < ol Inspect, replace
: spark plugs

1,500 Top end Inspect
20,000 Top end Qverhaut
40,000 Bottom end Overhaul

Lower Operating Costs

$3,500,000 -
$3,000,000
1MW Reciprocating Engine
Total $2,500,000 1 - - $700,000
Cost of > 000,000
Ownership $2,000, 1 + $300,000 — .
$1.500,000 1MW Microturbine
$1,000,000 4
$500,000 T v T v v v v
1 2 3 4 5 6 8 g 10
Year
Othor CHP Engines . ‘Manufacturers Why Microturbines? :
GE Jenbacher/Waukesha, Lower total cost of ownership

Reciprocating gas
engines

Gas turbines

Caterpillar/MWM, Deutz, Cummins,
Tecogen

Solar Turbine, Kawasaki

More environmentally friendly
Higher system uptime/availability

GT has lower efficiency below 4 MW
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 \HORIZON .
Next Steps For Arizona?3 /HORIZON Questions?

* Please reconsider & approve microturbine A(r
technology for the SWG CHP rebate program :o:-Noz
+ Create an level playing field '«&% POWERSYSTEMS

+ Large combustion turbines have been approved

* Gives end-user customers flexibility to choose the
prime mover that is best for the specific CHP
application

NG

« Capstone'
\\»vﬁl Turbine Gt

* Need for Consistent Statewide Utility
interconnection Standards
 California & New York led the way

« Avoid CHP project delays, unanticipated costs
+ Use IREC 2013 Model Standards as guidelines

www.horizonpowersystems.com
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1 MW Geothermal = 1 “Negawatt”

* A typical 3-ton residential GHP can reduce summer peak
demand by approximately 2 kW.

« 2 kW x 500 GHP homes = 1 megawatt reduction

» 1 megawatt not used = “negawatt.”

300-400% Efficient
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State Incentives for Geothermal Utilities Can Profit from Efficiency

« “You want to create a situation whereby the
reduction in cost exceeds our reduction in
revenue...if the customer uses 10% less
electricity, their bill has to go down by
something less than 10%.”

- -

-Ralph izzo, Chairman and CEO of Public
Service Enterprise Group {PSEG), an electric
and gas utility holding company with over $32
billion in assets and 2.2 million electric
customers in its New Jersey service territory

Geothermal Energy Consumption of a
Enerqy o Typical Single-family Home:
Cut in Half with Geothermal

Heating & A/C
18%

Source: Utilitydive.com, “PSEG CEQ Ralph zzo: Utility of the tuture will seil less electricity, but play ‘more meaningtul role’
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The Best Metric for Structuring

Efficiency Programs: SEER vs. EER

Most common metric for 4
efficiency programs, |
popularized by federal !
guidelines ¥

TN
Not an accurate predictor of
potential kWh reduction in peak
demand conditions for most
regions i

N i

F—  predicting efficiency in peak ;

Most accurate metric for i_

demand conditions in any region

Manufacturers test units at high 7

temperature EERs, but often

do not publish the data because
f of much lower ratings

Western Farmers Electric Cooperative:
A case study in efficiency program effectiveness

 Utility Profile:

— 2/3 geographic region of Oklahoma, part of New
Mexico, Texas and Kansas

— 15% OK wind, 5 natural gas and coal generating
facilities, some hydro

— 3,600 miles of transmission line to more than 265
substations

G Okiahoma Service Area e Naw Maxico Service Area

&

3
=
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WFEC 2010 Program Results 2010 Program: Projections vs. Results

i . 2010 Program  Projected kW Actual kW ROI
80% AHPs and 20 % GHPs 92% New Units vs. 8% Retrofits Reduction Reduction
Installed Installed N
100% | S 100% ; G e S
Zhooo = I N O
80% - oo 80%
70% e 70% S
60% - - R — 60% S — Actual KW Reduction/ Ton Rebated
50% - - = =GHP 50% -  mmemmeee b Retrofit 1 - i e
40% , o - T ~ New 40% | - B - New 0.8 1“ e n e e e
30% 30% . R T
0% - - 20% e 0.6 = e
0% - e 10% - e 04 - . I
0% == A 0% - S |
Installations Installations 0.2 “ S
I
0
AHP GHP
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Wes Moyer, Founder, President/CTO
Inventor of EASCOR’s technology
and product innovator
Marti Hoffer, MBA, VP. Business Development
Founder/President Lumenomics LLC, a provider
of total light management solutions, LEED AP, LC
Sylvia Graebe — Business Development
;’ USA & International markets
" Samuel Pilli, Jesse Marquez Business Development

USA & International markets

Saving electricity by harvesting and
distributing daylight:
» High quality, FREE indoor natural lighting
» Rooftop collectors, hybrid light fixtures (diffusers)
» Off-grid {(24x7 standalone) and On-grid
Internationally Patented technology
Commercial — Retail - Industrial applications
Experienced management team

A Startup Open 2011 GEW 50 most promising ventures
from around the world.

Customized installations are now available




Cutting edge hybrid lighting solution

Green energy

High quality lighting
Conventional fluorescent CRI = 3100
EASCOR lighting CRI = 5000*

Five year maintenance and product warranty

Eliminates 90% of current lighting expense

EASCOR

LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4

GRIO~TID LOW VOLT- TPV : CONCRNTRATED L-ION BATTERY VAWT : SMALL
AGE DC PHOTOVOLTAIC'S

STORAGE VERTICAL AXES WiND
IBOLATION SOLAR POWER

‘_J I

EASCOR CONTROLY PANEL - PHOTOCELL . CHARGE CONTROULER
., POWER CONDITIONING ., SWITCHING RELAYS,

6/25/2014
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'

“EASCOR Lighting Systems are Self- Contained - Able to
Operate Day and Night Off the Electrical Grid.”

I NSO O
LR A |

NSO O
[ ICRNPEY S

CEnergy Arts m0d Science Corporation. Tnc., 2013




-~ 30K SqFt Energy Audit
- “EASCOR SYSTEM LEVEL 2

. Cost

- current " Total Off Grid

" Savings ‘da>vti‘mve

LEDOn " New Cost With

[T

EASCOR

Existing Lights: Wattage per Hr 24,000 24,000
Cents per Kwh $0.13 $0.13
Hours per day for Lighting 15 9
Kwh usage per day 360 216 43.56
cost per Day $46.80 $28.08 $5.66
cost per Month $1,404.00 $842.40 $169.88
Per Qtr $4,212.00 $2,527.20] $1,175.15 $509.65
Electrical costs per year $17,082.00] $10,249.20]  $4,765.38 BRI XTI XN
5 Year Electrical Costs $85,410.00]  $51,246.00 $23,829.39EIUEXLYF]
7 Year Electrical Costs $119,574.00] $71,744.40] $33,361.15 EILRITRLS
$20,669.22

10 Year Electrical Costs

$170,820.00

AR

$102,492.00

$47,658.78

favl
| —

LSCOR

Free natural light = No lighting costs

Best cost/benefit. Example:
$2.5K for a collector array + 4-8 hybrid fixtures
1.2 kW/h electricity savings per array
Less than 1/2 the cost of conventional solar
and others

» Modular: Easy install, scale up, maintain, no IR/UV

> ROI within 3.5 years without rebates and credits

> Reduces HVAC load/cost (90 BTU vs EASCOR 3 BTU),
improves productivity, increases sales per sq ft,...

6/25/2014
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Day lighting throughout the day

Highly efficient LEDs (135 Im/W) in each light fixture

Indoor energy storage to power the LEDs
Dimmer switches and occupancy sensors
Filter out IR and UV reduce +15% of HVAC daytime load

Efficient, safe, low-voltage DC architecture when EASCOR is
tied to grid

Commercial
Retail: Automotive, banks, food/drugstores,
Office buildings
Schools and universities
Medical/Healthcare
Warehouse

Industrial buildings

Government buildings

Community centers




EASCOR

70 S. Val Vista Dr. Suite # A3- 522
Gilbert, AZ 85295

4802347106
wm@energyartsandscience.com

Jesse Marquez Sam Pilli

650834 1140 650 2780333

Business Development — USA/International markets
jim@energyartsandscience.com
sp@energyartsandscience.ccm

Sylvia Graebe

Business Development — USA/International markets
6025717071

sg@energyartsandscience.com
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